Clinical, respiratory, and polysomnographic findings in three patients with syringomyelia and syringobulbia who developed severe respiratory complications are described. Neurological examination showed evidence of IXth and Xth cranial nerve involvement with dysphagia and dysphonia, but there were no complaints of serious sleep difficulties. Two patients died during sleep and the other was resuscitated during a nap. AUl patients showed moderate restrictive ventilatory defects with reduced maximal buccal pressures and one also showed a low ventilatory response to CO2 rebreathing. Protracted central, obstructive, and mixed apnoeas and hypopnoeas were commonly observed during sleep. There were no changes in heart rate during these events. A combination of respiratory and cardiovascular mechanisms might have been responsible for the severe complications described.
Respiratory abnormalities have been described in patients with syringomyelia and syringobulbia.'-' Several nuclei and pathways known to be involved in the voluntary or automatic regulation of breathing in animals may eventually be damaged by a syrinx, such as the vagal afferent fibres from the lungs to the medulla; the nucleus tractus solitarius;6 the inspiratory and expiratory neurons located at the motor dorsal vagus, ambiguus, and tractus solitarius nuclei7; the ascending afferents and descending efferents involved in breathing control at the medulla or cervical spinal cord; and the effector motor neurons to the diaphragm and intercostal muscles.8 Despite the recognition of respiratory hazards in syringomyelia-syringobulbia patients, breathing abnormalities have so far received scant attention, particularly regarding their potential implication in sudden death.
The integrity of pathways and centres involved in voluntary and automatic breathing may be assessed by functional volume and pressure studies, together with polygraphic recordings during sleep. We describe the clinical and laboratory findings in three patients with advanced syringomyelia and syringobulbia. Respiratory tilation for a month. He was found dead one morning three months after surgery.
Case 2 This 68 year old man developed wasting and weakness of both hands at the age of 30. This was followed by progressive loss of pain and temperature sensation over the right upper limb, and later the left, in a cape distribution down to the waist. Over the past 10 years he developed progressive weakness of the lower limbs, severe oscillopsia, dysphagia, and occasional dyspnoea. The diagnosis of syringomyelia was confirmed by myelography. Born by normal delivery, he had suffered meningitis at the age of 11.
On examination in August 1986 the patient had a short neck and low hair implantation. There was a left Horner's syndrome, marked rotatory nystagmus to the left, wasting of the left sternocleidomastoid muscle, and wasting and fasciculations of the left side of the tongue. There was noticeable bilateral wasting and weakness of proximal and distal upper limb muscles, and reflexes were absent. He had spastic paraparesis, and bilateral extensor plantar responses were elicited. Dissociated sensory loss down to T4 was found. Vibration sense was impaired in all four limbs, but position sense was normal throughout. Although he never complained of sleep-wake difficulties, over the past 10 years relatives had noticed irregular breathing during sleep, such as respiratory pauses followed by strenuous snoring. In December 1988, the patient's wife reported he had stopped breathing altogether in the course of an afternoon nap, and became cyanotic. She In 1986, after a fall, his neurological condition deteriorated progressively. An MRI showed a normal brainstem and cerebellum with no evidence of cerebellar tonsillar herniation. The fourth ventricle was of normal size and location. The cervical spinal cord was noticeably atrophic from the level of the foramen magnum downwards, and a collapsed syrinx extended from the 4th ventricle down to T5. There was no radiological evidence of a lesion in the medulla. The patient had a T5 laminectomy, syringotomy, and placement of a syringoperitoneal shunt. Postoperatively, he recovered gradually, with some improvement of the spastic tone.
On examination the patient had bilateral Horner's syndrome and considerable nystagmus in all directions. There was weakness of the muscles innervated by the IXth, Xth, and XIth cranial nerves. Both upper limbs and shoulder girdles showed definite muscle wasting with reduced muscle tone and claw-like deformities of both hands. His upper limbs were areflexic. There was severe bilateral spasticity with hyperreflexia of the lower limbs, ankle clonus, and bilateral extensor plantar responses. Sensory testing disclosed an appreciable dissociated loss, mainly in a right hemicape distribution. Overall, he was severely disabled with hardly any useful function of his hands and he could walk only with assistance.
Over the past two years he had had occasional respiratory difficulties at night, waking up suddenly with breathlessness. Relatives were well aware of these episodes, which were worse after heavy meals or alcohol intake. They turned him over and woke him up. In November 1988 the patient went to sleep after a large meal, waking up with shortness of breath. He sat up in bed, recovered within a few minutes, fell asleep again, and was found dead one hour later.
Pulmonary function tests
The following variables were determined: flowvolume curves using a Fleisch pneumotach; forced Arterial blood gases at rest showed no evidence of CO2 retention, and two of the three patients had mild hypoxaemia. Ventilatory response to CO2 rebreathing was normal in patient 3, abnormally reduced in patient 2, and at the lower normal limit in patient 1 (fig 1) . Patient 1, who had an abnormally low respiratory rate at rest, showed only a slight rate increase during CO2 rebreathing, ranging from eight to 12 respirations per minute. There were no important changes in heart rate during CO2 rebreathing in any of the patients.
Polysomnography
All three patients showed low sleep efficiency (table 2). Sleep was frequently interrupted by respiratory events or periodic leg movements, or both. The number of awakenings (arousals lasting at least 10 seconds) and the time to waking after onset of sleep were increased in all studies. Sleep latency was prolonged only in patient 3. Delta sleep (stages 3 and 4) was reduced or absent in the three patients and the REM stage was of brief duration in patients 1 and 3. Respiration during sleep was disturbed, as shown by the apnoea plus hypopnoea index, which proved higher in subjects 2 and 3. There were frequent central apnoeas, obstructive apnoeas, and mixed apnoeas, as well as hypopnoeas. On occasion, apnoeas and hypopnoeas were extremely long lasting and associated with low oxygen saturation values, but there was no evidence of concomitant bradycardia.
The second study in patients 2 and 3 showed an increase in the absolute number, mean duration, and maximal duration of apnoeas and hypopnoeas. The longest event recorded lasted 170 seconds (in the second study in patient 3). In the second study central and obstructive apnoeas decreased in patient 2, though the number of hypopnoeas increased considerably. Central apnoeas lasting 30-40 seconds were observed in both studies while patient 3 was awake. Patients 1 and 3 also showed a very low respiratory rate (7) (8) (9) breaths/minute), and patient 1 had a long inspiratory time (6-10 seconds).
Discussion
All three patients who had syringomyeliasyringobulbia and severe cardiorespiratory complications had clinical involvement of the cervical spinal cord and medulla, the critical structures for respiratory controls. Abnormalities ofrespiration in syringomyelia-syringobulbia patients have occasionally been described previously. Ventilatory Respiratory functional studies showed that ventilatory mechanisms were affected to a variable degree in these patients, who had in common a pronounced wasting and weakness of intercostal and neck muscles. Nevertheless, there was no clinical evidence of diaphragm weakness. Dyspnoea in two patients was probably due to muscle weakness since buccal pressures were abnormal in all three patients. Maximal buccal pressures are useful in assessing the strength of respiratory muscles: they are easily measured and more sensitive than clinical examination in detecting muscle weakness. Patients 1 and 2 had mild restriction with abnormal responses to CO2, whereas patient 3 had severe restriction and normal response to CO2 rebreathing while awake. Such abnormalities in mechanics may worsen during sleep, leading to more severe ventilatory difficulties, as has already been shown in other conditions, including chronic obstructive pulmonary disease, interstitial lung disease, and scoliosis. 12 Obstructive, mixed, and central apnoeas were found in all three patients, and the apnoea plus hypopnoea index exceeded the usually accepted normal limit of five events per hour. " Several factors, such as weakness of pharyngeal and laryngeal dilator muscles supplied by pontomedullary cranial nerve nuclei'3 predisposed these patients to obstructive sleep apnoeas. Our patients had clinical involvement of the IXth and Xth cranial nerves, as in another case previously reported, in which obstructive sleep apnoea was attributed to damage to the ambiguus and hypoglossal nuclei by a syrinx found at necropsy.3
The mechanism of central apnoeas in syringomyelia patients is probably related to compression of descending and ascending afferent pathways in the anterolateral region of the cervical spinal cord by the syrinx. A similar mechanism has been suggested to explain central sleep apnoea after percutaneous cordotomy. "' Damage to medullary structures may also contribute to this,'5 16 and explain moreover the low respiratory rate found in patients 1 and 3, whether asleep or awake. In patient 2, basilar impression and a Chiari anomaly may also have had a role in the occurrence of these complications. '7 18 The increase in the total number, mean, and maximal duration of apnoeas and hypopnoeas in the second study in patients 2 and 3 suggests deterioration of sleep architecture, most likely due to progression of the disease.
Although patients made no complaints of serious sleep difficulties, relatives were well aware of nocturnal breathing irregularities. Reduced sleep efficiency and increased time to waking after onset of sleep were produced by frequent arousals or awakenings associated with respiratory events or periodic leg movements. The paucity of symptoms of sleep disturbance was in striking contrast to the abnormalities found at polysomnography. Patients denied experiencing excessive daytime sleepiness, repeated nocturnal awakenings, restless sleep, insomnia, or morning headache.
All three patients were at risk of sudden death during sleep. Patients 1 and 3 actually died and patient 2 was resuscitated. These syringobulbia-syringomyelia patients apparently suffered a respiratory arrest while asleep similar to those leading to death in cases of Shy-Drager syndrome, primary cerebral involvement, or neurosurgical lesions. '4 19 20 The concurrence of long lasting apnoeas and hypopnoeas, absence of associated bradycardia or tachycardia, extremely low respiratory rate, and prolonged inspiratory effort point to loss of automatic respiratory regulation during sleep.
In all likelihood, compromise of cardiovascular reflexes contributed to the risk of sudden death in these patients with syringomyelia or syringobulbia. Subclinical involvement of baroreceptor and vagal cardiovascular reflexes are common in syringobulbia patients, particularly in those with clinical evidence of IXth and Xth cranial nerve impairment.2' Even though autonomic tests were not undertaken, the constant absence of bradycardia during the apnoeas suggests vagal dysfunction.
In conclusion, our findings emphasise the importance of periodic functional respiratory and polysomonographic studies in patients with syringomyelia or syringobulbia. These studies may indicate the need for nocturnal assisted mechanical ventilation in those patients at a greater risk of sudden death.
